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ABSTRACT
Growth records of performance of 415 male and 415 fe­
male calves were used in this study to evaluate trends in 
the expression of heterosis, breed and reciprocal effects 
across three different environments - prenatal, preweaning 
and postweaning.
The selected calves were born between 1953 and 1968 
and were part of a long-term beef breeding project which 
has been conducted by the Louisiana Agricultural Experi­
ment Statxon at the LSU Ben Hur Farm in Baton Rouge. The 
calves were straightbred and singlecross progeny from 
matings among Angus, Brahman, Brangus and Hereford cattle.
Estimated breed cross performance was obtained using a 
least-squares model which included the effects of calf 
year of birth, breed of calf, linear and quadratic covar­
iables on age of dam within breed of dam, linear c.ovariable 
on calf birth date, period of growth and interactions of 
period with calf year of birth and breed of calf. Esti­
mates of the genetic effects were obtained using a re­
current model to additively evaluate the contributions due 
to breed effects; average, breed and residual heterosis; 
and reciprocal effects.
Breed effect changes across periods pointed to dis­
similarities between British and Zebu-base breeds with the
ix
relative strength of Brahman and Brangus present during 
preweaning growth.
Sex differences in the trends of average heterosis 
estimates were evident. Females showed larger contribu­
tions due to average heterosis both prenatally and post­
weaning, which helped improve their naturally slower rate 
of growth.
Estimates of breed heterosis were proportional to the 
degree of genetic diversity between the breeds. The 
heterosis differences which occurred preweaning between 
Brahman and Brangus crosses were intensified postweaning 
among male progeny of these crosses. The same trend was 
observed among estimates of residual heterosis, which 
further classified the crosses according to the degree of 
similarity in genetic origin among the parental breeds.
Reciprocal differences were largest among crosses of 
Zebu and British breeds, especially among Brahman crosses, 
suggesting differences in the maternal and/or paternal con­
trol of calf growth. However, changes of these reciprocal 
differences across periods were in agreement with expected 
fluctuations in maternal ability.
In this study, high and consistent growth productivity 
was associated with the Brahman X Hereford cross, because 
it combined positive contributions from breed and reci­
procal effects with positive and moderately high heterotic 
effects.
x
INTRODUCTION
The topic of heterosis has been so repeatedly dis­
cussed during the last decade, that we no longer need to 
explain its importance to beef cattle producers. Cattle­
men in the Gulf Coast area are now taking advantage of this 
genetic property of crossbreeding, not only because of its 
influence on the individual singlecross animals, but also 
because of its effect on the environment which the cross­
bred dams provide their progeny.
As an example, the value of Brahman breeding in a 
crossbreeding program for the humid South has been well 
documented (Cunha et al., 1963; Cundiff, L. V., 1970 and 
Roger et al., 1973). It has been stated that because of 
genetic diversity the expression of heterosis in crosses 
involving that breed is maximized. Is the environment in 
which these crosses perform the factor that exerts the 
greatest influence on the economic outcome of the heterotic 
phenomena?
Environment means all of the things other than the 
genotype of the animal that affect its development. These 
include climatic attributes of the area; amount, avail­
ability and quality of nourishment; and other organisms 
to which the animal is exposed.
1
Heterosis is a result of mixing genetic potentials, 
which are expressed at all phases of the development of 
the crossbred animals, and unless a thorough understanding 
of its relationship to the accompanying environments is 
realized, its fruitfulness could be wasted.
This investigation was initiated in an attempt to 
relate heterosis and environment, making use of avail­
able data on growth of singlecross steers and heifers 
through three phases of their development - prenatal, 
preweaning and postweaning.
MATERIALS AND METHODS
The analyses in this study used data collected in a 
long-term, regional beef cattle breeding program initiated 
in 1952 with support from the Louisiana Agricultural 
Experiment Station. The project, entitled "Breeding 
Methods for Beef Cattle in the Southern Region," has been 
concerned with the evaluation of systematic rotational 
crossbreeding methods for producing beef cattle in the Gulf 
Coast region, and has been located at the Ben Hur Farm, 
Louisiana State University, Baton Rouge, Louisiana.
Records on all straightbred and singlecross calves 
resulting from matings among Angus, Brahman, Brangus and 
Hereford cattle born from 1953 through 1968 were selec­
ted for this study. The records were incorporated into the 
study only if they contained all of the information re­
quired for the analyses; breed and parental information and 
growth traits measured on the individual. Oddly, an equal 
number of male and female calves, 415, had the above re­
quired information (table 1 ).
By 1968, three phases of the crossbreeding project had 
been completed. However, only two of those phases contri­
buted data to this study; the first phase, which continued 
through 19 57, and the third phase, which was initiated in 
1961 and ended in 1968. Both of these phases had produced
3
Total
107
100
111
97
415
112
96
77
130
415
TABLE 1. NUMBER OF CALVES BY BREED OF SIRE 
AND DAM AND BY SEX OF CALF
Breed of dam
Angus_________Brahman_________Brangus_________Hereford
Male
31 33 20 23
19 42 21 18
24 24 40 23
22 21 24 30
96 120 105 94
Female
45 22 22 23
16 36 22 22
14 15 32 16
27 30 25 48
102 103 101 109
5straightbred and singlecross calves, the first one exclu­
sively and the latter contemporaneously with backcross and 
three-breed cross calves. The second phase (1958 - 1960) 
was designed to produce only straightbred and backcross 
calves and was excluded from these analyses.
Herd Management
During the first phase, sire herds were formed by 
randomly allotting eight cows from each breed to a sire 
and thereafter maintaining their unity as a herd. A cow 
left the herd only if it was necessary to cull her because 
of reproductive or health reasons, and in most cases, she 
was replaced with another cow of the same breed. A new 
randomization of cows to herds was performed at the ini­
tiation of each phase; however, in the third phase, two 
sires per breed were used, and every two years a different 
sire breed was assigned to each herd. The larger number of 
sires sampled and their rotation were designed to minimize 
confounding.
Within each year, herds were rotated among pasture 
lots at the initiation of each breeding season, and cows 
and calves were managed together up to weaning. Sires and 
dams were pasture mated April through July, and calves were 
born January through April.
Shortly after birth, male calves were castrated. All 
calves were ear-tagged and if necessary dehorned. After 
weaning, male calves were placed in a drylot and fed a
high-energy ration, while female calves were placed in pas­
tures for postweaning growth and development. Heifers were 
bred as two-year-olds; thus no special feeding regime or 
creep-feeding was scheduled for them.
Data and Preparation Procedures
Breed and parental information on the available indi­
viduals included: a) sire breed; b) sire identification
number; c) dam breed; d) dam identification number; e) age 
of dam at the birth of the calf; f) calf identification 
number and g) year of birth of the calf.
Available traits measured on the calves for the 
estimation of growth were: a) birth date; b) birth weight;
c) weaning age; d) weaning weight; e) yearling age and 
f) yearling weight.
Because the objective of the study called for the 
estimation of heterosis at three stages of development, it 
was desirable to estimate heterosis of gain per day for 
each of these periods. The variable weight, when measured 
successively on the same individual, is linearly dependent 
on the previous weight measurement. Any periodic weight 
can be determined from the previous weight recorded and the 
gain during the period between them. If the gain during a 
particular period is totally a result of genetic and 
environmental effects present during the period, then gain 
is a better evaluator of these effects and is independent 
of previous or future measures. Using this assumption,
average daily gains were computed from the data for 
analyses.
The calculation of average daily gain for the post­
natal phases was straightforward, as all of the data were 
available for these computations. However, to be able to 
calculate prenatal average daily gain, a measure of gesta­
tion length was needed.
Estimates of gestation length were obtained from the 
literature. From the works of Rife et al. (1943); Livesay 
and Bee (1945); Long et al. (1948); Burris and Blunn (1952) 
Wheat and Riggs (1958) and Sagebiel et ctL. (1973), satis­
factory estimates of gestation length for Angus and 
Hereford dams carrying straightbred calves were collected. 
Plasse et a]L. (1968) obtained estimates for Brahman dams 
from a sample which included over 1,019 observations,
Rife et al. (1943); Long et al. (1948); Wheat and Riggs 
(1958) and Sagebiel et al. (1973) also obtained estimates 
for dams carrying crossbred calves. In a study involving 
all crosses among Angus, Hereford and Charolais, Sagebiel 
et al. (197 3) failed to demonstrate heterosis as a factor 
affecting gestation length, and since only a few estimates 
were available for crossbred calves, an additive model 
was used to approximate their gestation lengths. The 
following gestation length estimates were selected for the 
computation of average daily gain prenatal: Angus, 280
days; Angus-Hereford, 28 3 days; Angus-Brangus, 284 days;
8Hereford, 286 days; Angus-Brahman, 286 days; Brangus- 
Hereford, 287 days; Brangus, 288 days; Brahman-Hereford,
289 days; Brahman-Brangus, 290 days; and Brahman, 292 days.
Once the data elements were computed, the entire data 
set was recorded so as to have the weights and average 
daily gains arranged as observations within individuals 
rather than as separate traits. A new variable "period" 
was added to specify whether the measurement was for the 
prenatal, preweaning or postweaning phase.
Statistical Analyses
The statistical methodology used in this study has 
its roots in the works of Harvey (1960); Gardner and 
Eberhart (1966) and Speed (1969). Procedures developed by 
Harvey (1960) provided the basis for the development of 
the linear model described below. Gardner and Eberhart 
(1966) developed the background theory for the partition 
of the genetic effects, while Speed (1969) supplied 
important steps necessary for the computation of the tests 
of hypotheses about the genetic effects.
A repeated-measurements model was selected for the 
partition of the phenotypic variance. Each observation on 
the dependent variables, average daily gain and weight, was 
said to be described by the following model:
Y .i jkl
M + Y . + B . + 
i D
9dDjk + Eijk 
+ + (YP)^ f (BP) + Eijklr
where
= A measurement on the kth calf of the 
jth breed, the ith year at the 1th 
period,
2
M = The overall mean when A., , A and
3k ' 3k
D., are all zero, 
3k
= The effect of the ith year,
Bj = The effect of the jth breed or cross,
= The average partial linear regression 
on age of dam,
A ^  = A deviation age of dam associated 
with the kth calf of the jth breed 
or cross,
/ 3 aj = The deviation of the jth breed's
partial linear regression on age
of dam from /3s a,
/3 = The average partial quadratic regression
on age of dam,
2
A ,^ = The squared deviation age of dam
associated with the kth calf of the 
jth breed or cross,
/j2 . = The deviation of the jth breed's ' aj J —
partial quadratic regression on
age of dam from a,
E. = Random error associated with the xjk
kth calf of the jth breed, born in
the ith year, assumed normally and
independently distributed with
2
mean zero varxance, n ,e
= The effect of the 1th growing 
period,
(YP).i = The interaction effects associated xl
with the ith year and the 1 th 
period,
(BP) = The interaction effects associated
with the jth breed or cross in the
1 th period and
Eijkl = Ran< o^m error related to the 1 th
period measurements on the kth calf
of the jth breed in the ith year;
assumed normally and independently
distributed with mean zero and 
2
varxance, (T .^ w
Solution of the above model was obtained using least 
squares procedures as developed by Harvey (1964). Tests 
hypotheses for main effects and interactions, as well as 
covariables included in the model, were then possible.
Particular attention was given to the test of the breed X 
period interaction, as this test would indicate whether 
the growth patterns of the breeds and crosses were con­
sistent across periods.
After the overall hypotheses had been tested, the 
main effect and interaction sums of squares associated with 
differences among breeds and breed crosses within period 
were partitioned into components, as follows: a) straight-
bred differences (3 degrees of freedom); b) average 
heterosis (1 degree of freedom); c) breed heterosis (3 
degrees of freedom); d) residual heterosis (2 degrees of 
freedom) and e) reciprocal effects (6 degrees of freedom).
The above hypotheses were chosen over the standard 
diallel partition, because the latter is less selective as 
to the type of genetic variation it contains. The general 
combining ability estimates from the standard diallel 
partition (Griffing, 1956) contain additive as well as some 
nonadditive genetic variance. The hierarchical partition 
selected, however, separates the additive from the non­
additive variance; additive variance being estimated solely 
in the straightbred difference hypothesis; nonadditive in 
the heterosis partitions.
If the above hypotheses had been tested using the 
standard linear contrast methods, some of the linear func­
tions would have yielded biased tests. A recurrent method 
was needed to properly test a set of effects by removing
other effects with the use of restrictions. It was also 
desirable to be able to obtain the tests of estimates of 
the genetic effects directly from the hypotheses, together 
with estimates of their variability. Additionally, due 
to the inequality in cell frequencies, the method had to 
be able to incorporate estimates of the variance-covariance 
structure from the least-squares analyses.
All of the above requirements were met with the use of 
a modified "U-model" (Speed, 1969). The overall procedure 
was as follows:
Let X, be the design matrix, in this case an 
identity matrix, I, because the vector 
Y, contains the least-squares means;
K, the matrix of restrictions;
H, the hypotheses matrix;
T, the reduced portion of the matrix 
inverse from the least-squares analyses; and 
SIGMA, the error mean squares from the 
analysis of variance table. Then, the adjusted 
means after restrictions were given by 
U = AY where,
A = I - (X*X)_1K(K'(X'X)_1K)-1K' 
if the hypotheses tested requires restrictions, or 
A = I if no restrictions are applied.
The variance of U is given by,
Var(U) = SIGMA • R, where
The vector of estimates of genetic effects,
L = H'U has variance 
Var(L) = SIGMA • D where,
D = H'RH.
The sums of squares for the test of hypotheses 
was obtained from
SS = L'B'BL where B is the result of 
the Choleski decomposition (matrix square root) 
of D, that is B is chosen so that 
B'B = D.
The F ratio test is then given by,
F = SS (NH - 1 • SIGMA)-1, 
where NH is the number of rows in the hypotheses 
matrix.
Using this procedure, the solutions and tests for the 
specific hypotheses were performed. Restrictions, which 
were conditions placed on the means to satisfy the hypo­
theses, were applied as outlined in the chart that follows
Hypotheses Degrees of Freedom Restrictions
Straightbred mean (m) 1
Straightbred effects (b^) 3 m = 0
Average heterosis (h) 1
Breed heterosis (h^) 3 h = 0
Residual heterosis (h^,) 2 h^ = h ^ , = 0
Reciprocal effects (r^,) 6
The effects estimated under these conditions were 
additive. That is, a particular mean was divided into 
additive parts corresponding to each hypothesis as follows
Y..., = m .  + Jg (b. . + b . . t) + h .  + h . .  + h . . ,
133' x X3 13 1 13 13
+h..., +r...,
where
Yijj' = Pre<^ cte<  ^mean ^ e  cross between the 
j'th and jth breed in the ith period 
from the least-squares analyses, 
iru = mean of all straightbreds in the ith 
period,
b . . = additive effect of the jth breed in 
13 J—
the ith period, 
h^ = average heterosis associated with the 
ith period,
h . . = heterotic effect of the jth breed in theX3 —
ith period,
h. . = residual heterosis associated with
133
crosses of the jth and j'th breeds 
in the ith period and 
r^jj, = reciprocal effect between the jth 
and j 'th breed in the ith period.
The expectations of these components were found to be 
as follows:
15
e [m] = k( g. + g ., + g^) = g1 +
-M . -P 
g + g
E [bj] = (^ j “ 51) + (9j ~ 5M ) +
/ p ~p\(gj - g )
E [h] = 1/6 hjj, = h1
E[h. I = 1/3 h.-F, = h.1 
L 3 J ' ill1 1
E
 33
I
33 ’ J '"3 j
M . P , , , M
E[h. . , ] - h. ,
r 1 i /  ,  \ 1, /   . P\
fr j j ' J = + 9j«) " + g j)
E
where
or 
M M
= deviations due to the average direct 
effects of the individual's own genes,
Mg^ = deviations due to the average effects 
through the maternal environment,
P
g^ = deviations due to the average 
effects through the paternal 
environment and 
hjj, = deviations due to the average 
increased heterozygosity of 
singlecrosses.
RESULTS AND DISCUSSION
Sources of variation, mean squares and probability 
levels of significance from the overall analyses of var­
iance of weight and average daily gain are presented in 
tables 2 and 3. Analyses of traits of male calves are in 
table 2, and analyses of traits of female calves are in 
table 3.
Year effects were highly significant in all of the 
analyses. Besides the expected environmental fluctuations 
in performance due to weather and related conditions, this 
source of variation could also account for average fluctu­
ations in the genetic contributions by the sets of sires 
used. Chance variations in the bi-yearly replacement of 
sires could have resulted in these changes. On the average, 
however, the detectable effect of these genetic fluctu­
ations on the estimates of the genetic effects would be 
negligible due to the randomization of breeds of dam to 
sires.
Figures 1 and 2 depict the trends in year effects for 
both traits in each of the sexes. Since the data from male 
and female calves were analyzed separately, no statistical 
comparisons between the sexes were possible. However, note 
the similarity in the performance of male and female calves
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TABLE 2. LEAST-SQUARES ANALYSES OF VARIANCE OF 
WEIGHT AND AVERAGE DAILY GAIN OF MALE CALVES
Source d. f .
Mean
Weight
squares 
Average daily gain
Breed 15 7103.21** 54057.73**
Year 12 6326.47** 105037.57**
Partial regressions
Age of dam, linear
Average 1 8816.83** 17688.95
Angus 1 564.24 13212.66
Brahman 1 346.64 7496.50
Brangus 1 3384.19 42988.22*
Age of dam, quadratic
Average 1 7536.12** 16001.83
Angus 1 28.83 4799.99
Brahman 1 376.74 7415.15
Brangus 1 1879.94 27976.84
Calf birth date, linear 1 109847.93** 35517.22*
Error "a" 378 1046.71 8910.81
Period 2 8916309.91** 50224983.12**
Breed X Period 30 2755.04** 76131.09**
Year X Period 24 8326.28** 139103.25**
Error "b" 774 439.74 7690.98
Total 1244
* P<.05
** P<.01
•vj
TABLE 3. LEAST-SQUARES ANALYSES OF VARIANCE OF 
WEIGHT AND AVERAGE DAILY GAIN OF FEMALE CALVES
Source d.f.
Mean
Weight
squares
Average daily qain
Breed 15 7254.61** 47754.69**
Year 12 7032.87** 42418.73**
Partial regressions
Age of dam, linear
Average 1 9578.54** 30681.47*
Angus 1 2596.66 9354.47
Brahman 1 11.81 229.86
Brangus 1 346.01 1461.61
Age of dam, quadratic
Average 1 5677.07** 16845.51
Angus 1 2963.27* 9423.57
Brahman 1 7.67 26.05
Brangus 1 212.68 1094.04
Calf birth date, linear 1 112459.63** 1045.15
Error "a" 378 748.33 5531.59
Period 2 3064772.71** 23607875.13**
Breed X Period 30 1340.21** 39930.51**
Year X Period 24 2904.32** 63704.58**
Error "b" 774 313.21 7112.45
Total 1244
* P<.05
** P<.01
H
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across the years, the high correlation between weight and 
average daily gain effects is also evident in these graphs.
Breed effects were also highly significant for weight 
and average daily gain of male and female calves. These 
are average effects of the breeds and their crosses across 
the three periods, and mainly indicate their relative ran­
kings in overall performance on the assumption of no inter­
action of breed with period. Figures 3a and 3b show these 
rankings as well as the relationship between weight and 
average daily gain measurements. For the male calves 
(figure 3a) the largest positive effects for both traits 
were exhibited by the Brahman X Angus cross, while the 
largest negative overall effects were shared by the breeds 
that made up that cross, Angus and Brahman. For the female 
calves, largest positive effects were shown by the Hereford 
X Brahman cross, while Angus had the largest negative 
effects.
The differences between the relative rankings of 
breeds of male and female calves across all periods studied 
could be interpreted as an environmental as well as a ge­
netic factor. The feeding regime of males past weaning was 
far more intensified than that of the female calves. This 
could have resulted in some crosses performing differently 
under the high planes of nutrition as compared to the more 
restricted nutrition to which females were exposed.
The tests of significance of partial regressions yiel­
ded some interesting results. Table 4 contains estimates
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Figure 1. Year effects for weight of male (4) and female (0) calves.
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Figure 3. Breed effects of male (a) and female (b) calves 
for weight and average daily gain (A = Angus; B = 
Brahman; Ba = Brangus; H = Hereford).
of linear and quadratic coefficients for the within breed 
of dam and average partial regressions of weight on age of 
dam.
Average partial regressions of weight on age of dam 
were highly significant for both male and female calves, 
indicating similar effects of age of dam on the average 
weights of steers and heifers. Weights of calves tended to 
increase to mature cow ages ( 8 - 1 0  years) and then 
decrease, confirming similar patterns reported in the lit­
erature about partial regressions of weaning weights on 
dam age [Brown (1960); Marlowe, Mast and Schalles (1965); 
Brown et al. (1970); Minyard and Dinkel (1965) and Koch 
and Clark (1955)] . Patterns of linear and quadratic 
changes in calf weight per unit change in age of dam were 
not the same for all breeds of dam; however, male and fe­
male progeny of Hereford dams seem to perform "best" at 
mature cow ages. Calves from younger ( 3 - 5  years) and 
older (9 years and older) Hereford cows were below average 
in overall weight, as evidenced by the larger linear (13.43 
and 12.9 5 kg) and quadratic (-.90 and -.78 kg) regression 
estimates for male and female calves, respectively. On the 
other hand, regression estimates for Brangus, and to a less 
er degree for Brahman, show little effect of age of dam on 
calf performance. This tendency of Zebu-base cattle to pro 
vide a good maternal environment even at early ages of pro­
duction was also observed by Koger et al. (1962) and
TABLE 4. WITHIN BREED OF DAM PARTIAL REGRESSIONS OF
WEIGHT ON AGE OF DAM BY SEX OF CALF
Breed 
of dam
Sex 
of calf
Coefficients,
Linear
kg
Quadratic
Angus Male 9.44 (P>.46) a -.45 (P>.86)
Female .82 (P>.06) .07 (P<.05)
Hereford Male 13.43 (P >. 08) -.90 (P <• 05)
Female 12.95 (P<.01) -.78 (P<.01)
Brangus Male -.75 (P>.07) -.02 (P>. 18)
Female 4.04 (P >.49) -.20 (P >.28)
Brahman Male 4.73 (P>.56) -.27 (P>.54)
Female 6.39 (P >.90) -.33 (P>. 91)
Average Male 6.71 (P<.01)b -.41 (P<.01)
Female 6.05 (P<.01) -.31 (P<.01)
Probability of within breed of dam coefficients different from the average. 
Probability of average coefficient different from zero.
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Cartwright et al. (1973) in analyses of weaning weight data, 
and by Icaza et al. (1974) in preliminary analyses of these 
data.
Estimates of linear and quadratic coefficients for the 
within breed of dam and average partial regressions of 
average daily gain on age of dam are presented in table 5. 
The average partial regressions for average daily gain 
follow a similar pattern described above for weight.
However, only the estimates for the linear regression in 
the female calf analyses were significant (P<.02), resulting 
in a flatter curve. The less variable effect of age on 
average daily gain, when this trait is measured in three 
successive periods to yearling age, may have been the re­
sult of a negative effect of high milking ability of the dam 
on the postweaning performance of her calves. Icaza et al. 
(1974) observed a reversal of the effects of age of dam on 
average daily gains from weaning to yearling.
Significant coefficients (P<.05) were detected on a 
within breed of dam basis for male progeny of Hereford and 
Brangus dams; these two breeds of dams typifying the ex­
tremes in terms of male calf response to age of dam effects 
in this study. While Hereford calves gained faster at each 
successive age of dam, Brangus calves from younger cows 
were superior to those raised by mature cows.
Linear partial regressions of weight on calf birth 
date (tables 2 and 3) were highly significant for male and
TABLE 5. WITHIN BREED OF DAM PARTIAL REGRESSIONS OF
AVERAGE DAILY GAIN ON AGE OF DAM BY SEX OF CALF
Breed 
of dam
Sex 
of calf
Coefficients,
Linear
g
Quadratic
Angus Male 22.71 (P >. 22) a -1.11 (P >. 46)
Female .90 (P >.19) .14 (P>. 19)
Hereford Male 32.11 (P <.05) 1.01 (P<.04)
Female 23.39 (P >. 08) -1.48 (P<.05)
Brangus Male -17.08 (P<. 03) .92 (P>.07)
Female 6.70 (P>. 60) -.29 (P >.65)
Brahman Male .30 (P>. 35) -.00 (P>. 36)
Female 12.32 (P >.8 3) -.50 (P >.94)
Average Male 9.51 (P >. 15) b -.60 (P >.18)
Female 10.83 (P <• 02) -.54 (P >.08)
Probability of within breed of dam coefficients different from the average.
Probability of average coefficient different from zero.
27
female calves, (-.41 kg and ~.42 kg, respectively). Calves 
born later in the calving season were younger at subsequent 
weight periods and therefore lighter. For average daily 
gain, a positive and significant (P<.05) coefficient (.23 
g/day) was estimated for the male calves, suggesting a 
slight advantage for those dropped later in the calving 
season. Marlowe, Mast and Schalles (1965) also reported a 
decrease in gain with increasing age in a study covering 
a wide range of ages in a large sample of Angus and 
Hereford calves.
Calf birth date, in this study, was inversely related 
to calf age, as most weights were taken on a date-constant 
basis. Naturally, variation in progeny weight would be 
somewhat dependent upon the initial variation in age gen­
erated by the different calving dates, at least for the pre­
weaning and postweaning periods.
For average daily gain, age related differences could 
be a result of the shifting of the growth patterns. The 
faster growth rate of male calves could have generated 
some age-dependent variation even at the prenatal stage, 
since growth rates prenatally are a function of gestation 
length [(Long et ad.. (1948); Burris and Blunn (1952);
Lasley et al. (1961) and Plasse et al. (1968)3 .
A highly significant year by period interaction (tables 
2 and 3) suggests that the yearly changes in weight and 
average daily gains described above did not consistently
affect the three phases of animal growth studied in this 
experiment. Evidently, this interaction could reflect 
changes in management techniques which affected only one 
of the phases, most likely the postweaning period. The 
postweaning management of the steers in this study changed 
from drylot, prior to 1961, to a more confined and con­
trolled concrete-floored feedlot in phase 3. This change 
alone could have been responsible for most of the vari­
ation measured by this interaction. The differences in 
relative contribution of the interaction variance to the 
total variation in the male as compared to the female data 
analyses support this point. In addition, the unavoidable 
change in project leadership, and its underlying conse­
quences which occur in long-term projects such as this one, 
and the self-generated changes in the genetic pool due to 
standard culling practices as a result of reproductive 
problems, could have also contributed to this interaction.
Breed X Period Interaction
As stated previously, the primary interest of this 
study concerned the testing and interpretation of the breed 
X period interaction. This interaction was highly signi­
ficant (tables 2 and 3), rejecting the postulate that these 
breeds as well as their crosses perform relatively the same 
at each of the three growing phases. Inspection of the 
specific sources of this genetic-environmental interaction 
was necessary.
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The presence of the four breeds selected (Angus, 
Brahman, Brangus and Hereford) and all of their reciprocal 
crosses permitted the estimation of the following effects: 
1) effects due to additive differences among the straight- 
breds (breed effects); 2) average heterosis for this sample 
of breeds; 3) effects due to specific heterosis of each 
breed; 4) residual specific heterosis of each breed in 
crosses with each of the other breeds and 5) effects due 
to reciprocal differences in maternal versus paternal 
additive contributions.
The results from the analyses of variance are pre­
sented in tables 6 and 7 for male and female calves, 
respectively.
Breed Effects. The trends in breed effects for weight 
and average daily gain of male calves showed wide fluc­
tuations in additive contributions from period to period. 
These changes were characterized by strong dissimilarities 
between the British and Zebu-base breeds. Brahman and 
Brangus calves excelled (P<.01) Angus and Hereford calves 
in preweaning growth, probably because of superior mater­
nal ability of their dams. The Brahmans, however, were the 
poorest gainers in the postweaning phase, resulting in 
complete loss of the advantage obtained preweaning. On the 
contrary, although Hereford calves outgained all other 
breeds in the confined environment of the feedlot, it was
TABLE 6. ANALYSES OF GENETIC EFFECTS BY PERIOD FOR WEIGHT AND 
AVERAGE DAILY GAIN OF MALE CALVES
Source d.f.
Prenatal Preweaning Postweaning
Mean
square P(F>Fo)
Mean
square P(F >Fo)
Mean
square P(F >Fo)
weight
Breed effects 3 630.4 <.001 2926.3 <.002 6157.1 < .002
Avg. heterosis 1 149.1 <.005 16868.4 <.001 51089.6 < .001
Breed heterosis 3 124.5 <.001 643.2 >.324 7397.1 < .001
Residual heterosis 2 400.1 <.001 2192.0 <.020 8015.3 < .001
Reciprocal effects 6 1170.8 <.001 3330.1 <.001 3379.5 < .009
Error 378 18.6 554.2 1160.1
average daily gain
Breed effects 3 6062.7 <.001 67081.0 <.001 204432.7 < .001
Avg. heterosis 1 1261.9 <.019 289168.0 <.001 221805.0 < .001
Breed heterosis 3 347.6 >.204 9035.9 >.412 113438.6 < .001
Residual heterosis 2 199.5 >.414 41491.7 <.013 60074.0 < .016
Reciprocal effects 6 8014.9 <.001 54199.8 <.001 76688.3 < .001
Error 378 225.8 9428.3 14280.6
TABLE 7. ANALYSES OF GENETIC EFFECTS BY PERIOD FOR 
WEIGHT AND AVERAGE DAILY GAIN OF FEMALE CALVES
Source d.f.
Prenatal Preweaning Postweaning
Mean
square P (F>Fo)
Mean
square P(F>Fo)
Mean
square P(F>Fo)
weight
Breed effects 3 1652.9 <.001 6735.7 <.001 4466.9 <.010
Avg. heterosis 1 2440.4 <.001 10591.5 <.001 23744.4 <.001
Breed heterosis 3 252.9 <.001 4015.5 <.006 8775.2 <.001
Residual heterosis 2 454.1 <.001 531.5 >.349 802.9 >.292
Reciprocal effects 6 171.4 <.001 1678.8 <.004 1844.9 <.011
Error 378 17.3 504.2 651.9
average daily gain
Breed effects 3 6159.5 < .001 98652.6 < .001 25546.6 >.069
Avg. heterosis 1 5392.0 < .001 204201.0 < .001 85929.9 < .005
Breed heterosis 3 677.6 < .024 76936.0 < .001 44172.6 < .007
Residual heterosis 2 85.7 > .667 26570.0 < .041 4729.2 > .643
Reciprocal effects 6 741.9 < .003 38794.5 < .001 11376.6 > .385
Error 378 211.8 8196.5 10729 .0
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not sufficient to surpass the stabler performance of the 
Brangus calves across all periods (figure 4).
For the female calves, the trends in breed effects 
were relatively the same as for the male calves, although 
buffered by the less drastic changes from preweaning to 
postweaning. The female calves were not challenged to 
make rapid gains postweaning as were the steers; there­
fore, resulting in less variable and nonsignificant gains 
(figure 5).
The presence of a significant difference among yearling 
weights of female calves and the lack of significance 
among their postweaning gains stressed the differences in 
measurement between these traits.
If the breeds in this study were intended for use in 
purebreeding operations exclusively, selection of the ap­
propriate breed would have to be done using their relative 
merits in terms of breed effects as described above. Note, 
however, that based on these data, period estimates of per­
formance could be misleading indicators of superiority of 
one particular breed due to the fluctuations in the ex­
pression of additive effects in the different environments 
(periods). Index measures would have to be developed to 
properly evaluate these breeds according to their overall 
value.
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Figure 4. Trends in breed effects for growth traits of 
male calves (A = Angus; ■ = Brahman; ▲ = Brangus;
□ = Hereford).
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Figure 5. Trends in breed effects for growth traits of 
female calves (see symbols Fig. 4).
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Average Heterosis. Estimates of average heterosis 
(figures 6 and 7) in this sample of breeds were highly 
significant for prenatal characters, the largest estimate 
being for birth weight of female calves (5.4 kg). Once 
more, the absence of correction for gestation length in the 
analyses of weights could have contributed to the size of 
this estimate, but it is also possible that the homogametic 
heterosis described by Stonaker (1963) is expressed 
largely during the prenatal development of the female 
calves. In any event, heterosis for prenatal growth con­
fined to the female calves is not likely to represent 
economic importance of great magnitude considering heifers 
are generally lighter than bulls at birth (Petty and 
Cartwright, 1966).
The importance of average heterosis was evidenced by 
the relative size of the mean squares in the analyses of 
variance (tables 6 and 7). While all estimates were sig­
nificant, this measure of overall heterosis seems to have 
largely expressed itself past the prenatal period. For 
weight, heterotic effects increased linearly to yearling 
age. Heterosis for average daily gain was highest pre­
weaning, with a slight decrease in the size of the estimates 
postweaning.
Breed Heterosis. Patterns of change in heterosis due 
to breeds seem to reflect a strong dissimilarity in the
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Figure 7. Trends in average heterosis for growth traits 
of male calves.
nonadditive contributions to the genetic variation between 
the Brahman and the Brangus breeds. For the female calves, 
highly significant differences in heterosis occurred be­
tween these two breeds during the preweaning as well as the 
postweaning periods, for each of the two traits studied 
(figure 8). For the male calves, Brahman differed from 
Brangus mainly during the postweaning period (figure 9).
If we consider the degree of heterozygosity of the 
crosses as the main indicator of their heterosis potential, 
it is understandable that Brahman should yield the largest 
heterosis estimates. Brangus, on the other hand, were the 
last-developed among these breeds, and in addition, 
received genetic contributions from two of the other breeds 
in this sample, Brahman and Angus.
While crossbred Brahman showed the largest heterosis 
estimates postweaning, the straightbred Brahman calves 
were the least productive in terms of growth postweaning, 
indicating that heterosis helped overcome the genetic and/ 
or physiological deficiencies of these cattle in this 
management regime.
Angus crossbred heifers had a small disadvantage pre­
weaning as compared to the Hereford crosses, but on the 
average, both Angus and Hereford exhibited very little 
heterosis attributable to these breeds.
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Figure 8. Trends in breed heterosis for growth traits
of female calves (see symbols Fig. 4).
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Figure 9. Trends in breed heterosis for growth traits 
of male calves (see symbols Fig. 4).
Residual Heterosis. These heterosis estimates repre­
sent residual effects after the average heterosis of this 
sample of breeds has been accounted for, as well as the 
heterosis particular to each breed in crosses with all 
other breeds. It is then a measure of the lack of agree­
ment between the actual performance of a cross and that 
predictable after knowledge of its breed composition.
With the exception of significantly lower gains by 
Angus X Hereford and Brahman X Brangus cattle during the 
preweaning period, there was very little variation due to 
residual heterosis among female calves in all three periods 
(figures 10-13). Among males, however, different contri­
butions of the residual heterosis to their growth trends 
were evident (figures 14-17). Angus X Brahman and Hereford 
X Brangus calves showed higher residual heterosis estimates 
than Angus X Hereford and Brahman X Brangus during the pre­
weaning and postweaning periods, while Angus X Brangus and 
Hereford X Brahman singlecross calves displayed positive 
estimates preweaning but negative estimates in the post­
weaning period.
In general, the estimates of residual heterosis in 
this study seem to classify the six available crossbred 
types into three categories: 1) Crosses between extreme
types of British and Zebu breeds; 2) Crosses between less
extreme types of British and Zebu breeds and 3) Crosses
between the British breeds and between the Zebu breeds.
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Figure 10. Trends in residual heterosis of Angus crosses 
for growth traits of female calves ( A  = Angus cross;
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Hence, residual heterosis reflects differences in com­
bining ability as a result of the genetic diversity in 
this sample of breeds.
Reciprocal Effects. Changes in reciprocal effects 
across periods resemble the trends in additive effects 
observed among the straightbred calves. If the environ­
mental influence of the sire breed can be ignored, as seems 
to be the case here, then these changes suggest that dif­
ferences between reciprocal singlecross calves are 
directly proportional to the differences in maternal 
ability of the parental breeds. As for the breed effects, 
calves reared by Brahman and Brangus dams seem to have 
excelled preweaning but performed poorly postweaning 
(figures 18 and 19).
Reciprocal effects were relatively large as compared 
to the other genetic effects and also showed evidence of 
the male calves' ability to utilize superior maternal per­
formance more efficiently than the female calves.
Percent Genetic Components
In the discussion of each effect we have observed 
differences in the trends that these genetic components 
follow through the three periods of growth and in the 
manner in which the breeds involved in the crosses in­
fluenced their magnitude. If we express these estimates 
as a percentage of the crossbred means for each period, 
we could also evaluate the relative merits of the genetic
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Figure 18. Trends in reciprocal effects for growth traits 
of female calves ( ▼ =  Angus - Brahman; v = Angus - 
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Figure 19. Trends in reciprocal effects for growth traits
of male calves (see symbols Fig. 18).
components in the prediction of crossbred performance. 
Tables 8 through 11 contain net percentages for weight 
and average daily gain of male and female calves, 
respectively.
Reciprocal effects exerted great influence on the 
prenatal performance of crossbred males. Percent recipro­
cal effects for average daily gain ranged from as much as 
40 percent between Brahman X Angus (16.1%) and Angus X 
Brahman (-23.7%) crossbreds to only about 3 percent be­
tween Angus X Hereford reciprocals. In general, though, 
large percent reciprocal differences were present between 
all crosses of Zebu- and British-base breeds with the 
Brahman breed consistently contributing to the largest 
reciprocal differences. Similar results were observed for 
weight. The presence of these large reciprocal differences 
point to possible inequalities in the maternal and/or 
paternal control of prenatal growth. In addition, the fact 
that reciprocal differences did not contribute as greatly 
to the performance of the crossbred females (.6 to 15.9%) 
also implies that sex-linked genes could be involved as 
well.
The percent contribution of heterosis to prenatal 
growth of female calves (3.2 to 14.6%) was more than that 
contributed to the growth of male calves (0 to 9.6%). 
However, large positive percentages of nonadditive effects 
were accompanied by large negative additive effects. The
TABLE 8. NET PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF CROSSBRED MALE CALVES
Cross
Breed effects Heterosis Reciprocal effects
la 2 3 1 2 3 1 2 3
Angus X Brahman -.4 -1.9 3.6 16.1 10.4 14.1 -20.0 -3.2 -4.4
Angus X Brangus -15.8 -.2 1.1 -3.3 5.6 3.5 -6.8 1.1 .7
Angus X Hereford 1.9 -5.2 -.2 -7.6 3.9 3.3 5.7 -5.5 -2.9
Brahman X Angus -.3 -1.8 3.3 11.5 9.8 12.9 14.3 3.0 4.0
Brahman X Brangus -1.7 4.1 .2 3.1 4.9 5.1 11.3 6.0 4.0
Brahman X Hereford 8.2 .2 1.0 5.8 10.9 10.9 20.6 -6.2 .8
Brangus X Angus -13.9 -.2 1.1 -2.9 S.7 3.5 5.9 -1.2 -.7
Brangus X Brahman -2.2 4.7 .2 4.0 5.5 5.6 -14.6 -6.8 -4.3
Brangus X Hereford .3 1.9 3.4 6.6 7.9 5.6 17.5 -4.8 .1
Hereford X Angus 2.2 -4.6 -.2 -8.6 3.5 3.2 -6.4 4.9 2.7
Hereford X Brahman 13.9 .2 1.1 10.0 9.7 11.0 -35.1 5.5 -.8
Hereford X Brangus .4 1.8 3.5 10.1 7.2 5.6 -26.9 4.3 -.1
Period: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
TABLE 9. NET PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE AVERAGE DAILY GAIN MEAN OF CROSSBRED MALE CALVES
Cross
Breed effects Heterosis Reciprocal effects
la 2 3 1 2 3 1 2 3
Angus X Brahman -7.1 -.3 -5.7 9.6 10.9 18.9 -23.7 -1.8 -6.5
Angus X Brangus -6.4 . 6 2.4 1.8 5.9 -.1 -11.6 2.1 -.2
Angus X Hereford 7.3 -7.1 6.7 -.2 5.1 2.1 1.6 -6.3 1.2
Brahman X Angus -4.8 -.3 -5.0 6.5 10.5 16.7 16.1 1.8 5.7
Brahman X Brangus -7.2 5.6 -7.2 4.8 4.4 5.3 11.8 4.7 .3
Brahman X Hereford 4.4 -.6 -1.8 3.6 12.0 10.8 12.8 -7.8 9.4
Brangus X Angus -5.2 .6 2.4 1.5 6.2 -.1 9.4 -2.2 .2
Brangus X Brahman -9.4 6.2 -7.3 6.3 4.8 5.4 -15.4 -5.2 -.3
Brangus X Hereford 4.7 .3 5.4 2.0 9.2 2.3 11.9 -6.2 7.2
Hereford X Angus 7.5 -6.3 6.8 -.2 4.5 2.1 -1.6 5.6 -1.2
Hereford X Brahman 5.9 -.5 -2.2 4.9 10.4 13.3 -17.1 6.8 -11.6
Hereford X Brangus 6.2 .3 6.3 2.7 8.2 2.7 -15.6 5.5 -8.4
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
TABLE 10. NET PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF CROSSBRED FEMALE CALVES
Cross
Breed effects Heterosis Reciprocal <sffects
la 2 3 1 2 3 1 2 3
Angus X Brahman -11.5 -4.7 4.3 33.3 9.8 12.7 -5.0 2.6 2.0
Angus X Brangus -10.8 .6 .7 20.7 -.2 -.5 -.1 4.9 4.1
Angus X Hereford -9.4 -3.5 1.1 15.8 1.7 3.4 10.6 -3.2 -2.4
Brahman X Angus -10.5 -5.0 4.5 30.3 10.4 13.3 4.5 -2.8 -2.0
Brahman X Brangus 10.6 3.0 1.0 4.4 7.4 7.8 -8.7 -.5 -3.1
Brahman X Hereford 8.2 -.6 -.6 18 .3 13.3 14.4 5.4 -3.0 -2.6
Brangus X Angus -10.8 .7 .7 20.7 -.3 -.6 .1 -5.5 -4.4
Brangus X Brahman 9.0 3.0 .9 3.7 7.4 7.4 7.4 .5 2.9
Brangus X Hereford 10.5 5.0 4.6 9.1 3.5 3.5 4.8 -6.4 -4.0
Hereford X Angus -11.9 -3.3 1.0 20.0 1.6 3.2 -13.4 3.0 2.3
Hereford X Brahman 9.2 -.6 -.6 20.5 12.5 13.7 -6.1 2.8 2.5
Hereford X Brangus 11.6 4.4 4.3 10.1 3.1 3.2 -5.3 5.7 3.7
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
TABLE 11. NET PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE AVERAGE DAILY GAIN MEAN OF CROSSBRED FEMALE CALVES
Cross
Breed effects Heterosis Reciprocal effects
la 2 3 1 2 3 1 2 3
Angus X Brahman -11.3 -3.3 -3.9 14.6 11.6 22.3 -2.5 2.9 .9
Angus X Brangus -3.5 1.5 -.4 4.2 .3 -3.9 .3 5.9 1.2
Angus X Hereford 3.1 -5.9 7.7 6.3 1.6 8.2 3.0 -3.7 -.1
Brahman X Angus -10.8 -3.5 -4.0 13.9 12.3 22.7 2.4 -3.1 -.9
Brahman X Brangus -3.4 4.9 -10.8 7.2 7.6 9.6 -2.0 -1.1 -17.8
Brahman X Hereford 2.8 -1.4 .3 10.4 16.2 18.2 7.3 -5.0 .1
Brangus X Angus -3.6 1.7 -.4 4.3 .3 -4.0 -.3 -6.7 -1.2
Brangus X Brahman -3.3 4.8 -8.0 7.0 7.4 7.1 1.9 1.1 13.1
Brangus X Hereford 9.6 3.8 4.3 3.2 4.0 2.5 2.5 -8.1 5.0
Hereford X Angus 3.3 -5.5 7.7 6.7 1.5 8.1 -3.1 3.5 .1
Hereford X Brahman 3.3 -1.3 .3 12.1 14.7 18.2 -8.6 4.5 -.1
Hereford X Brangus 10.2 3.2 4.8 3.3 3.5 2.8 -2.7 7.0 -5.5
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
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net result was that superior overall prenatal gains were 
associated with Zebu-Hereford crosses, characterized by 
positive contributions from breed effects as well as mod­
erately high heterotic and reciprocal effects, rather than 
with the highly heterotic Angus-Brahman crossbreds.
Although on the average the contributions of heterosis 
to the preweaning gain performance of crossbred steers and 
heifers were similar (6.7 vs 6.8%), there was more vari­
ation in the heterotic percentages among crossbred fe­
males (.3 to 16.2% vs 4.4 to 12.0%). Net breed effect 
percentages were small, therefore, higher gains were made 
by crosses with moderate to large heterosis and large re­
ciprocal percent contributions.
Percent average heterosis estimates showed that sex 
differences in the relative contribution of these effects 
were present in the postweaning as well as the preweaning 
periods. Average heterosis contributed 8.4, 7.6 and 11.1 
percent to the prenatal, preweaning and postweaning average 
daily gain means of crossbred heifers but only 3.5, 7.7 
and 6.8 percent to the same means of crossbred males. The 
high postweaning heterosis level of heifers indicated 
heterosis was more important in the less favorable 
environment.
Postweaning, the steers showed more variation in he­
terosis percent among breed crosses than they did pre­
weaning. A complete reversal in the signs of the reci­
59
procal contributions, particularly for crosses which were 
favored by large reciprocal effects preweaning, occurred 
postweaning. This indicates, first, that the compensatory 
increase and/or decrease in performance postweaning is due 
to the environmental change as a result of weaning? and 
secondly, that heterotic-environmental interactions are 
not directly responsible for these changes in performance.
Finally, if we look at the average percentage contri­
butions of each type of effect across all three periods, 
we observe that for both male and female calves, consistent 
superior productivity was associated with the Brahman X 
Hereford crossbred. This cross combined the positive 
additive contributions characteristic almost exclusively 
of Herefords with high heterosis contributions found 
among Brahman crosses and also had the advantage of large 
reciprocal differences favoring the Brahman sire - Hereford 
dam combination of parent breeds.
CONCLUSION
Highly significant breed X period interactions in the 
overall analyses of variance pointed to differences in per­
formance among breeds and crosses across the three periods.
A detailed examination of factors contributing to the 
interaction revealed the following:
1) Breed differences in maternal ability resulted in 
different performances among straightbred and be­
tween reciprocal crossbred calves. Zebu-base 
cows provided superior environments preweaning
as compared to the British dams.
2) Large fluctuations in performance due to non­
additive effects occurred primarily as a result 
of genetic diversity among the breeds included
in this study. Heterosis contributed to the over­
all growth of male calves through increased in­
fluence past the prenatal period. However, 
female calves exhibited larger heterotic con­
tributions prenatally and postweaning rather than 
preweaning. These differences indicated the exis­
tence of sex-related factors controlling the 
periodic expression of heterosis as well as 
possible nongenetic effects.
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From the results of this study it can be concluded that 
superior singlecross growth productivity can be obtained by 
careful selection among the available maternal breeds and 
utilization of a breed of sire with a diverse genetic make­
up. In this study the Brahman X Hereford was the superior 
cross.
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The following tables contain percent contributions of 
estimates of genetic effects to the weight and average 
daily gain means of all crossbred types. These figures 
represent the portion of the observed crossbred mean which 
can be explained by the estimates. Note that with the 
exception of round-off errors, each column adds to 100 
percent.
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APPENDIX TABLE 1. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF ANGUS-SIRED CROSSBRED MALE CALVES
Item
Angus X Brahman Angus X Brangus Angus X Hereford
la 2 3 1 2 3 1 2 3
Straightbred
mean 104.3 94.8 93.9 125.8 93.5 94.8 100.0 106.7 99.7
Breed
effects
Angus -5.7 -3.3 -1.3 -6.9 -3.3 -1.3 -5.5 -3.8 -1.4
Brahman 5.3 1.4 -2.2
Brangus -8.9 3.1 2.5
Hereford 7.4 -1.4 1.2
Heterosis
Average 4.6 7.3 7.2 5.5 7.2 7.3 4.4 8.2 7.6
Angus -4.2 -1.2 -.5 -5.0 -1.2 -.5 -4.0 -1.3 -.5
Brahman 7.7 2.4 4.6
Brangus -2.2 -1.4 -3.6
Hereford -1.6 .2 -.6
Residual 8.0 1.9 2.7 -1.5 .9 .2 -6.4 -3.2 -3.1
Reciprocal
effects -20.0 -3.2 -4.4 -6.8 1.1 .6 5.7 -5.5 -2.9
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 2. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF BRAHMAN-SIRED CROSSBRED MALE CALVES
Brahman X Angus Brahman X Brangus Brahman X Hereford
Item la 2 3 1 2 3 1 2 3
Straightbred
mean 74.5 89.0 86.3 87.3 85.0 90.7 65.3 95.1 89.4
Breed
effects
Angus
Brahman
-4.1
3.8
-3.2
1.3
-1.2
-2.1 4.5 1.3 -2.2 3.3 1.4 -2.1
Brangus
Hereford
Heterosis
Average 3.3 6.8 6.6
-6.2
3.8
2.8
6.5
2.3
6.9
4.8
2.9
-1.2
7.3
1.1
6.9
Angus
Brahman
-3.0
5.5
-1.1
2.3
-.4
4.2 6.4 2.2 4.4 4.8 2.4 4.4
Brangus
Hereford
Residual 5.7 1.7 2.5
-1.5
-5.6
-1.3
-2.5
-3.4
-2.9
-1.0
-.8
.2
1.0
-. 6 
.2
Reciprocal
effects 14.3 3.0 4.0 11.3 6.0 4.0 20.6 -6.2 .8
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 3. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF BRANGUS-SIRED CROSSBRED MALE CALVES
Brangus X Angus Brangus X Brahman Brangus X Hereford
Item la 2 3 1 2 3 1 2 3
Straightbred
mean 110.9 95.6 96.0 112.8 96.6 98.6 75.6 94.9 90.9
Breed
effects
Angus
Brahman
Brangus
-6.1
-7.8
-3.4
3.2
-1.4
2.5
5.8
-8.0
1.4
3.2
-2.3
2.6 -5.3 3.2 2.4
Hereford
Heterosis
Average 4.9 7.4 7.4 5.0 7.4 7.6
5.6
3.3
-1.2
7.3
1.1
7.0
Angus
Brahman
Brangus
-4.4
-2.0
-1.2
-1.5
-.5
-3.6
8.3
-2.0
2.5
-1.5
4.8
-3.7 -1.3 -1.5 -3.4
Hereford
Residual -1.3 1.0 .2 -7.3 -2.9 -3.1
-1.2
5.8
.2
1.9
-.6
2.6
Reciprocal
effects 6.0 -1.2 -.7 -14.6 -6.8 -4.3 17.5 -4.8 ,1
aPeriod: I - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 3. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF BRANGUS-SIRED CROSSBRED MALE CALVES
Brangus X Angus Brangus X Brahman Brangus X Hereford
Item la 2 3 1 2 3 1 2 3
Straightbred
mean 110.9 95.6 96.0 112.8 96.6 98.6 75.6 94.9 90.9
Breed
effects
Angus
Brahman
Brangus
-6.1
-7.8
-3.4
3.2
-1.4
2.5
5.8
-8.0
1.4
3.2
-2.3
2.6 -5.3 3.2 2.4
Hereford
Heterosis
Average 4.9 7.4 7.4 5.0 7.4 7.6
5.6
3.3
-1.2
7.3
1.1
7.0
Angus
Brahman
Brangus
-4.4
-2.0
-1.2
-1.5
-.5
-3.6
8.3
-2.0
2.5
-1.5
4.8
-3.7 -1.3 -1.5 -3.4
Hereford
Residual -1.3 1.0 .2 -7.3 -2.9 -3.1
-1.2
5.8
.2
1.9
-.6
2.6
Reciprocal
effects 6.0 -1.2 -.7 -14.6 -6.8 -4.3 17.5 -4.8 .1
aPeriod: i - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 4. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF HEREFORD-SIRED CROSSBRED MALE CALVES
Hereford X Angus Hereford X Brahman Hereford X Brangus
Item la 2 3 1 2 3 1 2 3
Straightbred
mean 112.9 96.2 94.3 111.2 84.6 90.8 116.3 86.7 91.0
Breed
effects
Angus
Brahman
Brangus
Hereford
-6.2
8.4
-3.4
-1.2
-1.3
1.1
5.7
8.3
1.3
-1.1
-2.2
1.1
-8.2
8.6
2.9
-1.1
2.4
1.1
Heterosis
Average 5.0 7.4 7.2 4.9 6.5 7.0 5.1 6.7 7.0
Angus
Brahman
Brangus
Hereford
-4.5
-1.8
-1.2
.2
-.5
-.6
8.2
-1.8
2.2
.2
4.5
-.6
-2.1
-1.8
-1.3
.2
-3.4
-.6
Residual -7.3 -2.9 -3.0 -1.4 .9 .2 8.9 1.7 2.6
Reciprocal
effects -6.4 4.9 2.7 -35.1 5.5 -.8 -26.9 4.4 -.1
Period: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 5. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE AVERAGE DAILY GAIN MEAN OF ANGUS-SIRED CROSSBRED MALE CALVES
Item
Angus X Brahman Angus X Brangus Angus X Hereford
la 2 3 1 2 3 1 2 3
Straightbred
mean 121.1 91.3 93.2 116.2 91.4 97.9 91.4 108.3 90.0
Breed
effects
Angus -2.1 -2.9 1.6 -2.0 -2.9 1.7 -1.6 -3.4 1.6
Brahman -5.0 2.6 -7.3
Brangus -4.4 3.5 .7
Hereford 8.8 -3.7 5.1
Heterosis
Average 4.4 7.6 6.8 4.2 7.6 7.1 3.3 9.1 6.6
Angus -.9 -.9 .3 -.9 -.9 .3 -.7 -1.1 .3
Brahman 4.2 2.0 7.9
Brangus -.9 -1.8 -6.9
Hereford -1.8 .9 -1.6
Residual 2.0 2.1 3.9 -.6 1.0 -.7 -1.0 -3.7 -3.1
Reciprocal
effects -23.7 -1.9 -6.5 -11.6 2.1 -.2 1.6 -6.3 1.2
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 6. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE AVERAGE DAILY GAIN MEAN OF BRAHMAN-SIRED CROSSBRED MALE CALVES
Item
Brahman X Angus Brahman X Brangus Brahman X Hereford
la 2 3 1 2 3 1 2 3
Straightbred
mean 82.2 88.0 82.5 90.6 85.3 101.6 79.2 96.4 81.6
Breed
effects
Angus -1.4 -2.8 1.5
Brahman -3.4 2.5 -6.5 -3.8 2.4 -8.0 -3.3 2.7 -6.4
Brangus -3.4 3.2 .7
Hereford 7.6 -3.3 4.6
Heterosis
Average 3.0 7.4 6.0 3.3 7.1 7.4 2.9 8.1 5.9
Angus -. 6 -.9 .3
Brahman 2.9 1.9 7.0 3.2 1,9 8.6 2.8 2.1 6.9
Brangus -.7 -1.7 -7.1
Hereford -1.6 .8 -1.5
Residual 1.3 2.1 3.5 -1.0 -2.9 -3.5 -.4 1.0 -.6
Reciprocal
effects 16.1 1.8 5.7 11.8 4.7 .3 12.8 -7.8 9.4
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
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APPENDIX TABLE 7. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE AVERAGE DAILY GAIN MEAN OF BRANGUS-SIRED CROSSBRED MALE CALVES
Brangus X Angus Brangus X Brahman Brangus X Hereford
Item la 2 3 1 2 3 1 2 3
Straightbred
mean 94.3 95.4 97.5 118.5 94.2 102.3 81.3 96.7 85.1
Breed
effects
Angus
Brahman
Brangus
-1.6
-3.6
-3.0
3.6
1.7
.7
-4.9
-4.5
2.6
3.6
-8.0
.7 -3.1 3.7 .6
Hereford
Heterosis
Average 3.4 8.0 7.1 4.3 7.9 7.4
7.8
2.9
-3.3
8.1
4.8
6.2
Angus
Brahman
Brangus
-.7
-.7
-.9
-1.9
.3
-6.8
4.1
-.9
2.1
-1.9
8.6
-7.2 -.6 -1.9 -6.0
Hereford
Residual -.5 1.0 -.7 -1.3 -3.2 -3.6
-1.6
1.3
.8
2.3
-1.5
3.6
Reciprocal
effects 9.4 -2.2 .2 -15.4 -5.2 -.3 11.9 -6.2 7.2
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 8. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE AVERAGE DAILY GAIN MEAN OF HEREFORD-SIRED CROSSBRED MALE CALVES
Hereford X Angus Hereford X Brahman Hereford X Brangus
Item la 2 3 1 2 3 1 2 3
Straightbred
mean 94.3 96.2 92.2 106.4 83.4 100.5 106.6 85.9 99.4
Breed
effects
Angus
Brahman
Brangus
Hereford
-1.6
9.1
-3.0
-3.3
1.6
5.2
-4.4
10.3
2.3
-2.9
-7.9
5.7
-4.1
10.3
3.3
-2.9
.7
5.6
Heterosis
Average 3.4 8.0 6.7 3.9 7.0 7.3 d.9 7.2 7.2
Angus
Brahman
Brangus
Hereford
-.7
-1.9
-1.0
.8
.3
-1.6
3.7
-2.1
1.8
.7
8.5
-1.8
-.8
-2.1
-1.7
.7
-7.0
-1.8
Residual -1.0 -3.3 -3.2 -.6 .9 -.7 1.7 2.0 4.2
Reciprocal
effects -1.6 5.6 -1.2 -17.2 6.8 -11.6 -15.6 5.6 -8.4
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 9. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF ANGUS-SIRED CROSSBRED FEMALE CALVES
Angus X Brahman Angus X Brangus Angus X Hereford
Item la 2 3 1 2 3 1 2 3
Straightbred
mean 83.2 92.2 89.6 90.2 94.7 95.8 83.0 105.0 100.1
Breed
effects
Angus
Brahman
Brangus
Hereford
-15.5
3.9
-3.6
-1.1
-2.3
-2.0
-16.8
5.9
-3.7
4.3
-2.5
3.2
-15.5
6.0
-4.1
.6
-2.6
1.5
Heterosis
Average
Angus
Brahman
Brangus
Hereford
Residual
17.4
8.0
3.6
4.3
5.9 
-3.3 
6.6
. 6
6.7
-2.5
7.2
1.2
18.9
8.6
-10.4
3.6
6.1
-3.4
-3.6
.7
7.2
-2.7
-5.4
.3
17.4
8.0
-2.0
-7.6
6.8
-3.8
.3
-1.6
7.5
-2.8
.3
-1.7
Reciprocal
effects -5.0 2.6 2.0 -.1 4.9 4.1 10.6 -3.2 -2.4
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 10. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF BRAHMAN-SIRED CROSSBRED FEMALE CALVES
Brahman Angu s Brahman X Brangus Brahman X Hereford
Item la 2 3 1 2 3 1 2 3
Straightbred
mean 75.6 97.4 93.3 93.7 90.0 94.3 68.1 90.3 88.8
Breed
effects
Angus
Brahman
-14.1
3.6
-3.8
-1.2
-2.4
-2.1 4.4 -1.1 -2.1 3.2 -1.1 -2.0
Brangus
Hereford
Heterosis
Average 15.9 6.3 7.0
6.2
19.7
4.1
5.8
3.1
7.1
5.0
14.3
.5
5.8
1.3
6.7
Angus
Brahman
7.2
3.3
-3.5
7.0
-2.6
7.5 4.1 6.4 7.6 3.0 6.5 7.2
Brangus
Hereford
Residual 3.9 .7 1.3
-10.8
-8.5
-3.5
-1.3
-5.3
-1.6
-1.6
2.7
.3
.7
.3
.3
Reciprocal
effects 4.5 -2.8 -2.0 -8.7 -.5 -3.1 5.4 -3.0 -2.6
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 11. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF BRANGUS-SIRED CROSSBRED FEMALE CALVES
Item
Brangus X Angus Brangus X Brahman Brangus X Hereford
la 2 3 1 2 3 1 2 3
Straightbred
mean 90.0 105.0 104.3 79.8 89.1 88.7 75.5 97.9 95.9
Breed
effects
Angus -16.8 -4.1 -2.7
Brahman 3.8 -1.1 -2.0
Brangus 5.9 4.8 3.5 5.3 4.1 2.9 5.0 4.5 3.2
Hereford 5.5 .5 1.4
Heterosis
-
Average 18.9 6.8 7.8 16.7 5.7 6.7 15.8 6.3 7.2
Angus 8.6 -3.8 -2.9
Brahman 3.5 6.4 7.2
Brangus -10.4 -4.0 -5.8 -9.2 -3.4 -5.0 -8.7 -3.8 -5.4
Hereford -1.8 .3 .3
Residual 3.6 .8 .3 -7.3 -1.3 -1.5 3.9 .7 1.3
Reciprocal
effects .1 -5.5 -4.4 7.4 .5 2.9 4.8 -6.4 -4.0
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 12. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE WEIGHT MEAN OF HEREFORD-SIRED CROSSBRED FEMALE CALVES
Hereford X Angus Hereford X Brahman Hereford X Brangus
Item la 2 3 1 2 3 1 2 3
Straightbred
mean 105.3 98.7 95.5 76.4 85.2 84.4 83.6 86.7 88.8
Breed
effects
Angus
Brahman
Brangus
-19.6 -3.8 -2.5
3.6 -1.0 -1.9
5.5 4.0 2.9
Hereford
Heterosis
7.7 .5 1.4 5.6 .5 1.3 6.1 .5 1.3
Average
Angus
Brahman
Brangus
22.1
10.1
6.4
-3.6
7.2
-2.7
16.0
3.3
5.5
6.1
6.4
6.8
17.5
-9.7
5.6
-3.3
6.7
-5.0
Hereford -2.5 .3 .3 -1.8 .3 .3 -2.0 .3 .3
Residual -9.6 -1.5 -1.6 3.0 .7 .3 4.3 .6 1.2
Reciprocal
effects -13.4 3.0 2.3 -6.1 2.8 2.5 -5.3 5.7 3.7
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 13. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE AVERAGE DAILY GAIN MEAN OF ANGUS-SIRED CROSSBRED FEMALE CALVES
Item
Angus X Brahman Angus X Brangus Angus X Hereford
la 2 3 1 2 3 1 2 3
Straightbred
mean 99.3 88.8 80.7 99.0 92.3 103.2 87.6 108.1 84.2
Breed
effects
Angus -5.7 -3.4 1.5 -5.7 -3.5 2.0 -5.0 -4.1 1.6
Brahman -5.6 .1 -5.5
Brangus 2.1 5.0 -2.4
Hereford 8.1 -1.8 6.1
Heterosis
Average 8.3 6.7 9.0 8.3 7.0 11.5 7.4 8.2 9.4
Angus .5 -3.5 .1 .5 -3.6 .1 .4 -4.2 .1
Brahman 4.9 7.5 9.9
Brangus -4.8 -4.5 -13.6
Hereford -.5 .4 .6
Residual .8 .9 3.3 .3 1.5 -1.9 -.9 -2.8 -1.9
Reciprocal
effects -2.5 2.9 .9 .3 5.9 1.2 3.0 -3.7 -.1
Period: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
APPENDIX TABLE 14. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE AVERAGE DAILY GAIN MEAN OF BRAHMAN-SIRED CROSSBRED FEMALE CALVES
Item
Brahman X Angus Brahman X Brangus Brahman X Hereford
la 2 3 1 2 3 1 2 3
Straightbred
mean 94.5 94.3 82.2 98.2 88.6 119.0 79.4 90.2 81.3
Breed
effects
Angus -5.4 -3.6 1.6
Brahman -5.4 .1 -5.6 -5.6 .1 -8.1 -4.5 .1 -5.5
Brangus 2.1 4.8 -2.8
Hereford 7.3 -1.5 5.9
Heterosis
Average 7.9 7.1 9.2 8.2 6.7 13.2 6.7 6.8 9.1
Angus .5 -3.7 .1
Brahman 4.7 8.0 10.1 4.9 7.5 14.7 3.9 7.6 10.0
Brangus -4.8 -4.3 -15.6
Hereford -.5 .3 .6
Residual .8 .9 3.4 -1.1 -2.3 -2.7 .2 1.4 -1.5
Reciprocal
effects 2.4 -3.1 -.9 -2.0 -1.1 -17.8 7.3 -5.0 .1
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
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APPENDIX TABLE 15. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE AVERAGE DAILY GAIN MEAN OF BRANGUS-SIRED CROSSBRED FEMALE CALVES
Brangus X Angus Brangus X Brahman Brangus X Hereford
Item la 2 3 1 2 3 1 2 3
Straightbred
mean 99.6 104.7 105.7 94.5 86.7 87.8 84.6 100.3 88.2
Breed
effects
Angus
Brahman
Brangus
-5.7
2.1
-4.0
5.7
2.0
-2.5
-5.3
2.0
.1
4.7
-5.9
-2.0 1.8 5.4 -2.1
Hereford 7.8 -1.7 6.3
Heterosis
Average 8.4 7.9 11.8 7,9 6.6 9.8 7.1 7.6 9.8
Angus
Brahman
Brangus
.5
-4.9
-4.1
-5.1
.1
-13.9
4.7
-4.6
7.3
-4.2
10.8
-11.5 -4.1 -4.9 -11.6
Hereford
Residual .3 1.6 -2.0 -1.0 -2.2 -2.0
.5
.7
.4
1.0
.6
3.6
Reciprocal
effects -.3 -6.7 -1.2 1.9 1.1 13.1 2.5 -8.1 5.0
aPeriod: 1 - Prenatal; 2 - Preweaning? 3 - Postweaning
APPENDIX TABLE 16. PERCENT CONTRIBUTION OF ESTIMATES OF GENETIC EFFECTS
TO THE AVERAGE DAILY GAIN MEAN OF HEREFORD-SIRED CROSSBRED FEMALE CALVES
Item
Hereford X Angus Hereford X Brahman Hereford X Brangus
la 2 3 1 2 3 1 2 3
Straightbred
mean 93.1 100.6 84.1 93.1 82.0 81.5 89.2 86.3 98.0
Breed
effects
Angus -5.3 -3.8 1.6
Brahman -5.3 .1 -5.5
Brangus 1.9 4.7 -2.3
Hereford 8.6 -1.7 6.0 8.6 -1.4 5.9 8.2 -1.4 7.1
Heterosis -
Average 7.8 7.6 9.4 7.8 6.2 9.1 7.5 6.5 10.9
Angus .5 -3.9 .1
Brahman 4.6 6.9 10.1
Brangus -4.4 -4.2 -12.8
Hereford -.5 .4 .6 -.5 .3 . 6 -.5 .3 .7
Residual -1.0 -2.6 -1.9 .2 1.3 -1.5 .7 .8 4.0
Reciprocal
effects -3.1 3.5 .1 -8.6 4.5 -.1 -2.7 7.0 -5.6
aPeriod: 1 - Prenatal; 2 - Preweaning; 3 - Postweaning
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